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C ?E 5fe & aj o Bl h ) 

s sn » i l -c « . -to*eate«o«^tt^(it 

it. V ? i> - xfeRtilft < % £ % <o ® ® # ,p 
* *3 © £ *• f, . «i«^HB8 54 - 86341 
5 6 - 83746 feft 
4 J: 5 ft c V s^K*****-^*^^ 

>-si T**3*i4B5fc*t#-f*t©T*4 

K *+ »7#a£*s*i4 t^ 5 »**i 
ffl^TStttMOO, » *'J « * * PIS !» & 
* 5 "CL*3Ha#*4. COfcH^tt©^ 

£ 4 . 

-tLTccDp 0 ig t «i tt ^ 4KolrtT> Non _ 
p a ? m tt * * tt »£!^«t*©a 5: ^ <t4: . 

t . *«?fti-tivU(tftli, 4 ft * K - ,< 

* BaLTailtL4 



?f 15303 6 2-16 6 3 5 3 (2) 
fiihS trKtt 4 c £ atft, t, nT ^ 4 > ^- LT> 

rp«<y-s-u iaie^i )x 

liffiStttfUto^4^#i(SS t /v 3y 

fNon-Sij t^fttiCB, tRI|H3 

^ia»«jiiiott. '-si tt*ins.j 

K. p ffl^tt^ii fctt n £)*&&© k- £ y 7 

-^/StftNo.-SIRd, » fit « K li j| Jg 

« * ii 4 t O © . 3t»fttoffij»tt^ S<> £ 
T i 4 , 

« « a 7t« tt * k - kf v u * * Non _ Si R K< 
m ic a * « * . a*«*aocBjisiK*o* 0 _ 

Bfffl?*»fi!tOt©r#)C>T, -t O S S Jc li — 
*Kr>*TCVDttKJ:*J(t«nij|HRit| ( ^ f 

i*toius»?ftTM, * lt»?9© 

** 4 . Lft#OtS^077X7CVDSKJ;i 
»tKJ:o-CB, J:»0*WttAHjt/itCfli4 
M ® © # » tt . S&flO^fiSJI&O&ttKfc.'igi 
*<t*©fcf**f&ii?L. -e©^frK*£o-cSS/i 
0*««»tJI* + *CtlCJ:ifftoii4C4 

KL-CUtt*. 3?a©#H*«03t§?PSBW© 
»*«!Cilt4i44itlSfl:oSJlii5 

C 58 « © § ft ) 

* * m « , ***o*o*»aAaihaK:* 
* ±« o « « 1 1» * l r si a * « t p ^ 4 t © 
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Witi * © t * 4 . 

* * « © to © B'fi tt , *B*ttt^ srLT 

" p ffl * »i % at §; a # $ k K - t 

^SiiTl fl TS|4Jift l j S | AfijJ . |J|St 
*t4; tic* j. 

'1 £ ^ E 4 < , j® (SB x PS © |H| & # n < l x , & 
SiWiBfltti: i K 4>4 . 

C 8§U©«*sSt } 

w « * k ft -o \n x . W iE o Uf r j| a 4. 

«*8KK«Tt^. IP*,. 

*^ia« 4 ^ TUKi -to***, 

Tii:oic5o»eiii )S | 1 .|, ii 
£ * 5 r.1 a t, 4 . 
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«**<M2«oaiai tJtLT , ftHJ| 

«». ^°^KS(CWA^4Ig*4^^ (± . #jSm 
****f4*ic. 9f*C4oic3i« L4<T 

fi**f-&ii:»**r + 4>tsssiitf 

■ art. c ©jstrc jj niif**SKK*tf4 

ft** *T*4 C t 4 < LT«e»ftLTa*T 

u (MLT «"ti: < Ltffia , ■ 

«6«rSSLTSt4«S*iao«ig. aAPilJ:S 
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t © r £ * „ 

3§8Ut*©/I«rit©«SLW4fll*. aiWfc* 

SB 1 (A) H *C "f W , 3t#ftl01±K, m^f 
& AfS 102 , 18 ft A 103 Tktf&MM 104 £ 
CI © JH CC # *t * 4»©T*Ao 

9! fC ffl In & £#ft 101 rt . j»tttt'© % © 

X f- y U % AS . Cr , Mo, Au , Nb , Ta , 
V, Ti , Pt , Pb SO^IXttC*l*0^* 

*i ^ tf c, n h c 

'J j f u y , # >J K , * yu a - 

t * f- - h % rj ro^i/y, * v tt fl: * - 



??IHBaB2"16G353 (4) 
dfUJfifttf-Uf^, dt 'J J* * u y , #D7i 

-fc 7 I f * • fi*#*lf - ^3 © ^ & 

Ift tt tt $ # ft W , # » tt >J? 4 < <b *>*©-;£ 
© £ M * 4 9 L » & iff 3 3 it ft S ffi ffl 

f\\ £ , # 7 * T £ ft tf , -t © S ffi ¥C • NICr, 
Af , Cr , Mo , Au , If , Nb , Ta , V , Ti, 
Pt , Pd , In t 0j. SnO t ., I TO ( Inj 0 9 + SnO x ) 
%t>*b&Z>mm*&WZC t K X O -C * « tt t 
£^tt*Vx*:f^7'f^A#©£# 
$J3fi7>fyuAT$>ftrt. NiCr , A4 „ A** Pb, 
Zn , Ni , Au , Cr , Mo „ Ir , Nb , Ta. , V, 

Ti , pi $ ©■&«©»«& h^^i, 

^ ft ft. ') y /^-7i©SIKSS^, 

XligilK^ffiT-tOi^H * * - h & 3 I, -t\ 
-tO^ffiKiiifm^t^^^A. £ # © # tfc Wt 
M$^r#XttRfSi#<tL, * © J£ 2 * ffi 



» ^ « , i»ftfcL-c©»1SB#fcfr«|f3ft 
&8fflrtr^ft4R$»<-r*<:i:#Tt*. 

Lt*L*#b* £#ft©&ii±&tffc&^±, 

a & w & k « © e> . a w . io/*Jii±t 

"£ ft „ 

*«WO3tSS»ttO*3t)S103«, i/ 'J ^ 
B * t ft ft £ L , * X IS! * (H) X * a ^ y H 

* (X) 0 /J? 7* < fci*A-fil^->5t^*-f47 
3 ^ C & T£ilfe©|gfl:fl«J*E£ It T»-Si 

(h,x)j t&fc-rz* ) r m fist * ft & /a r 6 
or. s^^i^(x) utii, & ft 

7 * ft . * ft . * ft . 3 7 ft # ^ ff f, ft , # 

K 7 * ft , *3Riffi4toHT*if ict 

ft IS ^ (H) © ft X tt ^ o ^ x S (x) © ft . $> 
-5>^tt7KftH : ? : i^o^x(^ : ?-©ft©ft(H + x) 



HU t L < tt 1 - 40- » tomi c ^ x Jt J? 0 t L 
< irX 5-30 atomic^ t tiO^flt L^o 
tit* X % M © J£ ^© ffi *T K itf ^ T , ffiftfi 

©/s^«^ 2*c % §q © § ^ ft ^ isst -r a 

^©IRrctt^^ftttStttJ^fi^*^, a « 

^^^©^^^Stl^tt, mjses^ftioi tut 
lejBdtifl 103 £©Mrc* fiE Alt it a 102 £ 

KaflniiiHtiiyTiin aP'^>^ -a^&A 
pi±3tt)^t^-ta pstw^xh h aa ^ « «j t 

No n -8i(H,X) ( rNon-3iM 

(h,x)j t^se-t^o M tft P M * *B 

iffi^^iat, 3t ^ft <b ©ffi jS5a^^ t ^ t h ft 
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C Jii x rNon - SiM ( 0 , C , N ) ( H , X ) J t & 
8S * 4 o ] T««3n4li»KSii, £ 5 K 

±&©Pl!**r8 ! &<tLTtt x ft Ji/i ft & £ I $ 

Stio ; v A # K tt , b ( » k a^(t 

^ ; ^ ^ a ) x Oa ( /f ij {> A ) v Id ( < 

A^QDrcd, p c^) % a, ( at * ) > sb(r>-^ 

* ^ ) * Bl( tf*?^ )«tffll^4t H«Ti 

w ffi A fflit io2#K£;fr-£La6*l&i&iK^ 

XttUV^lM-fOfittx 30 — 5X10*31 omic 
ppm , t L< 50 ^ 1 X 10* Horaic ppm,^ 
IKH 1 X 10'^ 5 X 10' atomic p pm ^fK 



?!BflBB62-lGG353 (5) 
**l£ffiEAPijj:/a i02*«:t*^L^-J>/g 

* h * , tkHkm + RU'&mm + otp&b&rttL 

4^ * < i t 1 3©tttt, 0.001 — 50 a f omi c 
ft H< tt 0.002 — 40 • lomi c # , fit & K ft 
0.003— 30 *\omic % t ~T Z <D & L ^ n 

XftW<Dlt$.&Btt<DlgVs&Al&lkl8 102 © 
/I »tt v 300 A- 10 /i , ft t U < tt 400 A-8/^ 

lafttfr £EAPI±iS 102 fc ft fit* 4 

K^ioiJ»tt, io— 150a, j^t u< wc io 
-loo a, ft&rcttis— so a it4o*«at 

^a pi it* 102(1, jt«ociftjeaiRet/s^ 

jt^^-f^Non-SIM(O t C r N)(H 1 X) > fipt 3 
«-SiM(0,C,N)(H ( X)XWt po^y- Si M ( O , 
C,N)(H,X) TiJ«3ft4<>OTt4!W, ft 



5 ZfimK 1 j) fcZMttZtiZo 

fCtt 400 - 450 t *Cfi£ Ki^i^r^ 

offi^^fie, *pt>, Sft-fi* *ft 250 t Lfc 
7^/i/77^^©!?iT- - y ^ ^ & s ^ * t 

s# * 4oo'- 450 t few 20 ^Ma 
(o.c.NKH.xjTfcjasfta-affisAifijL 

& £ ft 250 t ) (1 I J? »-3i(H ( X)tttfi3S5 
n & JJR ;8 103 # a 3 ft a „ 

^^^tlW^-Cttx Non - Si M ( 0 , C , N ) 



tlhtf^ miSf^A(SiL/ai02±K^BJt^ft4^J 
iPt» % --3i(H ,X) ft 

i03*K:tt, &:>fcff©fc4&£itiiJ80t*&&$: 
* ft, &lti8 OHSfft ft ± L4> 4 <t <t t> K\ 

tfs**©»«fifitftfrtt^&ertT x & # as * , 

a - 3 i ( H t X ) -c ft tit * ft 4 fig * /* * K % C 

W &s *© 4> a < t t> — $ #**jgi#asi£4> 

4 < it 24f»4U±ft'tt@lffffLftft»&8t/fif 

iff 4 C A ) , (B) |& Ht x * * - /* ;/ K © W 
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Bctt 4 * f _^ zynau^wtax. 

.-3i(H,X) tlCBSfi?, fcjRIfi* 

* L *> k. lit & K tt x «-ai(H,X)i(, 

LTSSLT^iiCi, JS CC K © £ ' 
CifcffliiiLjto #J (f K a - Si ( H , X ) T « 

^sni/aanjKt «-si(o,c,n){h,x) t 
^fcfftaawftflr, tt * # i $ , la 

+ ««t*^ fin I, t^/r#Mini, 
tliOttj.!,A#jj|c tt g )l j 10 3 ti w 

ak, •-si(H ( x)T«fiU3nija»8ii 

«-3iMCH,x; T »s23ft4i(a3ffiait3t 

£ictnta«fl L**»ii«»ii»»jB, xwu 

• -si (h.x) T«/atsn4aa R / St ,. SI 

'St "-sKO.c.NJCH.xj Tfi&itiiia 

* 55 9t © * ft 8 01 ft K * It & «k jt /a'tos ± K 
tt^ ftflft 104 it lit It U4„ tt*K Wa , 5J 

s> r'-si(o,c,N)(H.x) j iaffit4nD 
*»c««, r «-e N (H,x)j taxtio k 
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(H,x)T«62^n^isajfi!/B(Jw^ r»ig 

* ■-si(H,x)T*« snijaattHcy^ 

r«S««KMj i»t4„ JiijiKfti 

£ 4 « <8!l T Wt x . 

* »««t, a* » * ici * s « s + 

- E< = i i t> s x * * * _ m K ? j. A y y t . 

* ffi 3 ft * „ t ttft®K, »' « * 35 (HI T tt „ p 
iifci5Si^x4yi-*-(ll!|rca^3tj,^ rci4 ^ 7 

« ffl«*K«-sU*«L^*i:i„ -to***, 

1t*1*v KOB-cfti;***, P&flttKilt « 

52ia*«fi« if-fll/diL* «*/*©,;> rn^H, 

c r»-.c(H,x) j iage-*-4 n 

3 ft i o 

«S8iLTi-8l(0,C,N)(H,X) 

* or, a a /a 104 i ffiftig t 0 n MKU 

C5LAL.-3i(0,C,N)(H.X)T«ja3 

*>«Tt4.iuui* t, , c n t, © a ^ 

© fltt, 0.001 ~ 9 0 alomle J94U<ttl 
- 90 atomic % s & & K <t 10 ~ 80 atomic % 
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4 * * 0 # S. * L ^ * 

tit* *$g§g gn#rc# \* &mm 

SOTIC^ti'^l^^o 31 K £ £ * ft 

&#ffc$>*o £5U:H'^ * & 9$ © # g 
3StJ#O^[fijS<D/i/gitt3X10~ 3 -30/i x I!? 
fit L< tt4xl0** - 20 L< tt 5 
X 10- J ~~ 10 M ft b a 

* i (B)H*c*-t«iTttx Mftom i (a) a 

rc^^1fl?SJaAPlii:/Sl03^, K ^ -7 - * 
A/K*Xtt**lR-?-©4>4< 4fc-#£3W* 
L^x &«ffi£APtii:;iI03f'C;fc&&&iD?/a4 
LtOlKgli*^^ 4t5^A;^T4io BP t> , 

101 t a jtfl 103 tONH/CHHtbtl&It 
105 tt* P M fa X ft n ^ fay 

tt**iK*©4>4< 4t>-2££#^L*>. C 

f^t^t^M+XftxxR+otitft^ 1-w 
9.5 X 10 5 a tomi c ppm N J? t < ft I X 10 J n. 

9 X 1 0 * atomic ppm, <fc aft fC tt 5 X 1 0 J 8 X 

10 » alomi c PPin i t^O^fflt L^o 

mi (0) site rc* it a* « */» 103 & 

U H iS ft 104 tt, mr it <0 £ i (a) a #c * it a (> 
© 4 l*J C X h h * 

•thm 102 4 ©h 4 Lt> £#*ioijt 

& ffi /& 104 ta^fcoteip K^a^t 
tt * JS i 06 rt % ^^7 = ^A/E-y.xtt-*jefi(-f 

© '» t < 4 h - T) k £ :(| * * Non - 3 i ( H # X ) 
C & x TNon -ai(Oe,8n)(H,X) 4 £ fig * 
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ft * it < 4i-^t^^*.£Non- 

Si ( H , X ) C x r Non - Si ( Oe , Sn ) M 

(O f C f N)(H ( X)j 4^fe*i 0 DT4*fiSt$ 

*a Lit h t 4 *C I j> , ^ftu'- 

& tt/i io3Tttj&A,£ft«Li*i4<A*tt*<H 

H«tM:5i^4K t©t4K.tJ>3t## 

4'*'?-!>^JE^Xtt**iB9 : ©>J>Ji< n 

^APlitMt^^A^fCU, p S3 * *8 & X tt n 
ffl ^ W fa * # # * h Non - SI ( H , X ) "C-fc J5Jt % 

4 Pffl^ft&Xtt ng^M^frS^** Non 

^aAiihi 102 , mutm 103 »ji 104 

■ * < * * /f ft $ -r* * * $ © ft £ g ft # 
fix 1Sffii£AP! i]:/8 pSI^^HIXttfli^ 

W 2 # "t 4 Non - 81 ( H , X ) ~£ $ $, % fi & 
4, pfflfiW'-feXttn^^KJ^^ 
Noo-SI (O.C.NJCH.X) -C«ttt« <t4 

ft&/gT£$3nT^£rt:2£>, ft * © C* 4 t , 
p ffi M fa X ft n as ^ ^ « t , « to" ^ x ^ « 
iE-?-&0 : a*lK-?-O + ^biatfn*^4< 4t, 

SB 2 .a tt * ^§fi!«0 7 , 7X7CVi3ftfc^j(t 



T« *2 (A) Htt«K*fto£ R S«B % m2 

* 2BK^T, 20! tt , HlCy y 3 j,* 
T*< - 9 f* 5 i t ft 4 o (it 

Tl * rcr K5i Ji»t, j h- ? 201 tt a 

Ht^TH, A 201 Ort B |c tt% 

»***-*- 203 *i:t*4 o K3DJ(ifflt _ 

- p « t a 4 K 5 x toMTtttt|B 

* U4 * OT *^ 206 , 207 tt » ? T * j> , 
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4 * 218 , 228 ft 

220 , 230 (CttC,H 4 
, 231 KttN,*-^, r*«y« 222 
• 232 K tt NO *r .x «• , ^ 

ttB.H. **. »x«y« 2u f 234 fcttpHj 
*r**-^ 22S . 23 5 KttS,F 4 

..r**^^ 217 -225 
2"- 235 Ktt*,^ r2l7 _ 22Sj ^ 

'-217b - 225b , 227b - 235b , « A „ A . r 
2 "c~ 225c , 227c - 235c, , * 7 D 3 „ „ 
°---217d- 225d , 227d- 235^ » V „ 
^-- 2,7.- 225. . 227,- 235e ^ UT 

115 . 21. 

21 7 - 225 , 227 ~ 235 0 "*r 



7 ^-"«*201fc,y- rma 204 tJBJ|L 

• 212ttj*a„„, r 209 , 21 0 Oiftica^ 

f '? 201 i * y - rf (j 20i t oHoik 

Kttw&ft-c*,, ettB<g2 i 3 , 2I4ttiy 

^ * 215 ' 2i«offii«tt, #j,-« 2 , 7 
- 225 , 227 ~ 235|C«a LTv , 4o £ * , ^ 

2,7 - 225 , 227 - 235 K 



217.- 225. , 227.- 235. Mtt^ti 
*«B U 217c - 225c 

227e - 235c ftVKai <**r 217. - 225, 

209 , 210 »^ ajESJlMMff 

* 21? " " Z25e • "7. - 235e tffl C4o 

f*#y. m , 227 i (, s.H, * 
^ H 218 . 227 1^,*^, „ 2l| t . Mi£ 
iCH.ir*, p] 220 , 230 ii)GeHt ^ R 

"1 . 231 **N,*r* % . B222 , 232 IJ , NQ 
1*1223 . 233 I*H,**T 3 000pp. K 
**«hft B .H. ^(«TrB 1 H,/H,„ J 

*. K 224 , 234 I j, s H ,** T 
3000PPC H R % tL ft PH, # z. ( % -f f PH, / 
H." * j tSEti, ) , ® 225 , 23S t > 
S'F. /rxt, 2, 7. - 225. , 227. 
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- 235. iM5, E^f^iU--^ 217b - 
2251. , 2 27b ~ 235b K i U 2 K/ /c' K 59 fi 
L-fcS:, it A '* /u r 217c ~ 225c , 227c - 
235c t»«-K9t\»X -r X 7 a - a y a _ , 

- 217d - 225d , 227d - 235d ft K * ttt, A ■$ 

^<ottffl« 213 , JHlCiittBbnikr?* 

201 fc * y - tt ffi 204 © M K * # 3 ft. ft ® « 
A ■ BK, A* 215 , 216 1 bttlA 

■ - 9 - 2l7d - 225d , 227d ~ 2 35d ig=i t 
* t t * tt«* 213 . 2H K 5 a 201 © 

*Btt2U , 212 *-*4* r 
209 . iiooHntmtj, K , A 

201 OSS^IgoailCRgJiitujj t 

f * r f * 201 t * -j - y m ffi 204 0 M 0 a M 

» (A/* ) . b ( ) x ||| A 

. B K turf Z P ? A c cp, 6 t ttffl;E 213 ^ 

©=><**«**«, 360* 3 6 0 ( 1 -,) 
«> ( ffl U 0<x<l), p 5AO06Bir 
(HK/#) ttJt^ 2 0©f5« A , Br3fE 

A = * x x x — 

r 
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B = b x ( i- x ) X ± 

7 



y — 



Ab 
» B + Ab 

a b 
» B + Ab 



tf* <* *>> ft. 4 0 



205lci)*y.i-ti mK|IU(]|Itl( 

' « -a**^e*L», tig A tfjU , 8 4 T 

* ~ 203 K i i 50 ~ 400-C ©0fSOH 

KK " n * ^ * 201 Ofgjfftt, 

U EA|C ^T ^SBK a« t B«^3? 

A*i B*©£ tfcSJffi213 , 214 © 

*2 (C) MH S ilOlniaoilKti 

201ttr5A > 204 « * y _ 2l3 _ 

214ttttWSr*i,, BEtt«*213 , 2l 4rc£ 



KttfiJ«2i3 , 2l4*HsgU «Httf»4>K*. 

t b 



( (ae/tc ) fc 



»B + Ab 

iU « » '« * 7- 217e - 225. , 227. - 235. 

ffittA , Bit, BU»*lbO»*y* 

**«*©#« jfc.Kjfcaufc.ttfctfaALT 

-fc*£n«Oftfrtfi Utf toe, * 

-C, t- 209 , 210 i£6f||t I, T 35 f*j 
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KSttoti,i)S3 (a) 13 h © 

^3 (B) 0tt-to«»f i a 

213 , 214 ©* <rrc»ap 236 , 237 * K , 
»«-*^2S8 , 239 iUt8^l20J K 

x a w i 
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■c*»«tff ffl (A) mKz + Mtoxo 

« * 3 X ffl £ S 85 8- * * 0 

SHUT, © 0.5 KV tM»)| 3B ^ (i 

* © ft a t, k e wis tt © a -« m r s* * s s as 

^i* ^-i*t© 0 . 5tvO3B ^fftSTC 



l S8 







* ffl jtr .* 


#E it 

(SCCM) 


* ft it 




(A/sec ) 


(A) 


< J?£L 


(a) 




S i H 4 

BiH,/H ( = lOO0ppm 
H, 


1 1 0 
5 5 
3 6 0 


BtH a /SlH<=500ppm 


0.05 


8 


3 0 


5 0 0 


3.0 


BfH,/H a =5iooOppiB 
Nj 


5 5 
2 2 0 


fl *H fl /SiH 4 =500ppm 


0.05 


8 


3 0 




SiH 4 
H» 


3 5 0 
3 6 0 




0. 23 


2 3 






22 




&3/g 


S iH 4 
CH 4 


1 0 
6 0 0 


S.H,/CH 4 = X 


0. 1 


2 







0. 5 

I 



-1016- 



* MW2 »HB62-1G6353 (11) 

^^ftfiaHt. aft, fe^fc ff 4 o?t <t £ h , 
*? ft 2l K & ft . ftaSltt.OAffft, # $i * ffi 

«&©tlft;0<4§t,ft7to 

<!: fit* Sift , te^$:?T*0/ti:C6, ? 




ft ft # * 



S iH 4 
GeH 4 

BiHe/H,=2000ppm 
NO 

Hi 



SiH 4 

BiHo/TT, »2000ppm 
H, 



tft ft 

(SCCM) 



1 1 0 
50 
55 
8 

3 60 




IS 4^ 



S iH 4 

BiH,/H, = 2000ppfn 
NO 

H, 



1 1 0 
55 
360 



1 1 0 

55 
20 
3 60 



it 



B t H a /S iH 4 = 1000ppm 
CcH 4 /SiH 4 = ^ 



SiH 4 /N0= V 

. 0 



11 



0.05 



B«H l /SiH 4 *1000ppm 



S iH 4 
H, 



S iH 4 
CH 4 



350 
360 



B,H«/S iH 4 = 1000ppm 



0.05 
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